Is the hypothesis that the commonest fetal heart rate decelerations are caused by peripheral chemoreflex due to fetal hypoxaemia correct?
A thought-provoking review by a group of experts proposes that head compression causing fetal heart rate (FHR) decelerations in labour is a myth (Lear et al. 2016) . It also concludes that all FHR decelerations are due to fetal hypoxaemia and hence their time relationship to contractions is of no relevance. This is not just of academic interest because when a nonacidaemic fetus develops serious acidaemia during labour it invariably displays FHR decelerations reflecting its deterioration. without scientific interpretation of FHR decelerations, which in turn is determinedly linked to their nomenclature. Most British textbooks stated that 'early' decelerations result from head compression (not the sole or invariable cause) signifying non-hypoxaemic vagal reflex, and hence are essentially benign, while 'late' decelerations are likely to indicate hypoxaemia (Sholapurkar, 2015) . This even today forms the sound rationale underpinning the British guidelines for intermittent auscultation in labour, that FHR should be auscultated only after but not during the contraction (RCOG, 2001; NICE, 2014) .
Does head compression cause benign decelerations?
Scientists have to make a conscious effort to avoid the bias of selecting small nuggets of 'evidence interpretation' to support a point of view while ignoring the overall balance of evidence (Sholapurkar, 2015 (Chung & Hon, 1959; Mendez-Bauer et al. 1963) . They consistently demonstrated rapid decelerations of FHR with quick recovery on abdominal and vaginal pressure on the fetal head. Moreover, very strong observational evidence comes from common experience in twin labour that the first twin when presenting with head in pelvis displays short rapid decelerations corresponding to contractions (early in timing) many times more frequently than the second twin, before and (more often) after rupture of membranes. But both twins would be equally susceptible to hypoxaemia due to cord compression (with membranes intact) or reduction in uteroplacental perfusion. Hence, this observation strongly suggests that head compression makes a modest contribution to these early decelerations as a part of a multifactorial aetiology (Sholapurkar, 2017) . The above observation was originally described by Hon, who in addition noticed early decelerations to be much rarer in breech labour where the head is subjected to much less compression (Hon, 1958) .
The mechanism for head-compression decelerations is unclear (multifactorial) and could be the stretching of brain ligaments (mechanoreceptors) and/or some transient rise in intracranial pressure.
This cannot be equated with the Cushing reflex -a sustained rise in intracranial tension in the rigid adult skull (Lear et al. 2016) . Further support to refute head-compression decelerations is sought from a clinical study (Walker et al. 1973) in which manual abdominal pressure over the fetal head reportedly provoked either decelerations or tachycardia (Lear et al. 2016) . In this study manual pressure was applied in between contractions at five sites on the uterus from fundus down to the suprapubic area (fetal head) for 20-40 s causing a rise of intra-amniotic pressure of about 100 mmHg. With pressure on fundus, 26% of fetuses showed a decrease in FHR while 64% showed an increase. With suprapubic pressure, 76% of fetuses showed FHR deceleration while only 24% showed tachycardia. In the authors' words (Walker et al. 1973 ) the bradycardias were most frequent with pressure over the head and decrease as the pressure site moves down over the fetal body whereas the tachycardias had exactly the reverse order. Thus, this study in fact strongly supports head compression more commonly causing FHR decelerations. One surely couldn't have expected 100% of pressure applications over the fetal head to cause decelerations considering the multiple causations/reflexes and variability involved in biological responses. The rare 'delayed recovery' was mainly seen with pressure on the middle of the uterus rather than on the head. In the animal study quoted (Lear et al. 2016) , the heads of fetal lambs were exteriorised from pregnant uterii, carotid vessels catheterised and fetal lamb heads were compressed with both hands (Paul et al. 1964) . Is this comparable to what happens in human labour? Can these findings be extrapolated to infer that FHR decelerations from head compression in human labour would only occur with a dangerous decrease in cerebral blood flow and hypoxia given all the contradictory evidence detailed above and elsewhere (Sholapurkar, 2015) (1963) . In addition, CTG records provided by Hon in human labour with pressure on fetal head with ring pessaries introduced in vagina showed very similar rapid short FHR decelerations (Chung & Hon, 1959) . This disproves the necessity of severe cerebral hypoperfusion and dangerous hypoxia during FHR decelerations from head compression, contrary to the assertion of Lear et al. (2016) . C, worsening fetal hypoxaemia severe enough to start FHR deceleration. D, peak of contraction where speed of worsening of hypoxaemia will slow down but hypoxaemia will continue to worsen (fetal partial pressure of oxygen (P aO 2 ) continues to drop). E, hypoxaemia will continue to worsen. F, hypoxia will start recovering because IUP is equivalent to point B.
Chemoreflex-induced FHR deceleration will start recovering at point F and recovery will extend beyond the end of contraction. Thus, hypoxaemic trigger is very likely to produce a classical 'late deceleration' (Sholapurkar, 2017) . The recovery of FHR deceleration at the peak of contraction cannot be explained by chemoreflex due to fetal hypoxaemia or cerebral anoxia, which will continue to worsen up to point F. These most common decelerations can be explained by non-hypoxaemic vagal reflex -with head compression not complete explanation but playing a part (Sholapurkar, 2017) . This is not disproven by selective animal study showing partial recovery of FHR decelerations in the middle of complete cord-occlusion non-representative of labour. Moreover, many animal studies show that the FHR recovery starts commonly after the release of cord-occlusion (Giussani et al. 1997; Itskovitz et al. 1983) including figure 2 in the index paper (Lear et al. 2016) . [Colour figure can be viewed at wileyonlinelibrary.com] fingers or ring pessaries on fetal heads during their experiments in human labour ( Fig. 2 )!
Is timing of FHR decelerations important? Fetal hypoxaemia and decelerations
It has been proposed that during most uterine contractions in labour there is transient fetal 'asphyxia' (but not always enough to produce FHR deceleration) and hence, when FHR decelerations do occur, they must all be because of asphyxia (Lear et al. 2016 ). This does not seem logical. Firstly, the fetus often develops transient hypoxaemia due to a drop in uteroplacental perfusion during contractions, but not transient 'acidaemia' recovering in between contractions (hence not asphyxia). The commonest FHR decelerations in labour look rapid (or descent time <30 s) on CTG with a paper speed of 1 cm min
and their trough roughly corresponds to the peak of contractions.
Figures 3 and 4 demonstrate that these most common decelerations simply cannot be explained by 'hypoxaemia' but by non-hypoxaemic mechanisms only (Sholapurkar, 2017) . Figure 3 shows that hypoxaemia (whether due to decreased uteroplacental perfusion or cord compression) builds up during the contraction phase and starts a deceleration.
Only the rate/rapidity of worsening of hypoxaemia will decrease after the peak of contraction but the degree or level of hypoxaemia will continue to worsen (declining P aO2 ) until much later in the relaxation phase before starting to recover. This would apply even to cerebral anoxia purportedly conceivable (but alien to clinical experience) from head-compression. Thus, the FHR deceleration produced by chemoreflex due to systemic hypoxaemia or isolated cerebral anoxia will start to recover much later during the relaxation phase (and not close to the peak of contraction) and recovery is likely to extend beyond the end of contraction. The gap between the peak of contraction and nadir of the deceleration is the classical concept of lag phase (more than 20 s) in the definition of late decelerations (RCOG, 2001 ).
Conclusion
The article by Lear et al. (2016) rightly supports the conclusion that the current categorisation of FHR decelerations (the majority mislabelled as variable) has been found clinically unhelpful (Sholapurkar, 2013) but that is essentially because it embodies several irreconcilable fallacies and definitions based on myths contradicting the timing-based categorisation of Hon and Caldeyro-Barcia (Sholapurkar, 2017) . As a result most previous studies on CTG interpretation have given inconsistent and unreliable results frustrating an evidence-based approach. Let's not throw the baby out with the bathwater and completely devalue the CTG. Hence, restoration of truthful timing-based categorisation of FHR decelerations is highly desirable in the interest of scientific practice and patient safety (Sholapurkar, 2017 
